We investigate the hypothesis that cash balances have a precautionary motive and serve to mitigate the volatility of operating earnings, which we use as a proxy for risk. Our results show that cash holdings are positively associated with firm level risk, but negatively related to industry risk. Consistent with previous findings, cash holdings are decreasing with the firm's size and debt ratio, and increasing with its profitability, growth prospects, and dividend payout ratio. The precautionary motive for holding cash is investigated by undertaking various classification schemes under which cash shortages have different cost implications. The results show that keiretsu affiliated firms hold less cash and are less risk sensitive. There is also evidence that financial constraints reduce the incentives to mitigate earnings risk. Finally, we show that bank-controlled firms and highly leveraged firms increased their sensitivity to earnings volatility as the condition of Japanese banks deteriorated after 1998. Overall, our results strongly support the precautionary motive for holding cash and underline the importance of corporate risk mitigation.
Introduction
Firms exhibit a tendency to hold large amounts of cash. Dittmar et al. (2003) underline that cash balances represent about 9% of corporate assets. Japanese firms seem particularly keen to hold cash with median balances around 18%, which represents about three times the median in other countries with a similar institutional and legal profile. Pinkowitz and Williamson (2001) also find that cash over net total assets was on average 18.5% in Japan over the period 1974-1995. Traditional theories developed in Keynes (1936), and Miller and Orr (1966) , highlight the precautionary motive for holding cash. There is a tradeoff between the cost of holding cash, which provides a lower return, and the expected costs of raising funds if new investment opportunities arise or if internal cash flows fall short of planned expenditures. The expected costs are measured by the probability of a cash shortfall multiplied by the cost of getting funds if a shortfall occurs. Kim et al. (1998) emphasize this perspective in their tradeoff model. Cash holdings are positively related to cash flow volatility, which increases the probability of a cash shortfall, and negatively related to firm size, which decreases the cost of external financing. Opler et al. (1999) provide evidence in support of the precautionary motive. In particular, small firms and firms with greater investment opportunities both maintain higher cash balances.
However, firms also appear to build cash reserves above optimal tradeoff predictions. The best evidence perhaps is that cash holdings are strongly correlated with internal cash flows and dividend payout. These patterns are more consistent with the pecking order model, which highlights the costs of information asymmetry between managers and outside investors. In contrast, the free cash flow model claims that agency conflicts are the major reason why firms 4 hold excess cash. Managers retain cash to increase their discretionary spending and reduce business risk, in a bid to protect their human capital. However, Ozkan and Ozkan (2004) show that cash holdings decrease as managerial ownership increases. Dittmar et al. (2003) argue that corporate governance systems, which affect agency costs, explain a large proportion of crosscountry differences in cash holdings.
In the case of Japan, Pinkowitz and Williamson (2001) contend that banks induce borrowers to hold large cash amounts to extract rents or reduce the riskiness of their loan exposure. There is no indication that cash flow volatility has any significant effect on cash holdings. This result is somewhat surprising given what we know about Japan's industrial organization. In fact, Nakatani (1984) and Aoki (1990) characterize Japan's Keiretsu system as primarily designed to mitigate financial distress. Hoshi et al. (1990) confirm that Keiretsu affiliates are quicker to recover from industry shocks compared with independent firms. The objective of this paper is to reconsider the precautionary motive for holding cash, in which cash is held in anticipation of a possible deficit. Although a cash shortage may stem from unexpected funding requirements brought by new investment projects, we focus on the risk of a deficit due to unexpectedly low internally generated cash flows. This risk is calculated using operating earnings instead of cash flows, which are only available for large firms. As Kim et al.
(1998) we hypothesize that firms hold more cash if the risk of a deficit is high. Hence, there should be a positive relationship between cash holdings and earnings volatility. However, we emphasize that the strength of this relationship is determined by the cost of funding a potential deficit relative to the cost of maintaining idle cash reserves. A useful comparison can be made with the purchase of insurance. Economic agents are expected to buy more insurance if the probability of a loss is high or if the (contingent) loss is substantial. However, if insurance protection (premium) is too expensive, economic agents may choose not to insure themselves. Accordingly, the sensitivity of insurance purchase to the risk of a loss depends on the associated (contingent) cost as well as the cost of the insurance premium.
The focus on Japanese firms allows us to distinguish several cases characterized by significant differences in contingent costs (i.e., cost of funding a cash shortfall), which are likely to involve differences in the sensitivity to earnings risk. We first compare the risk sensitivity of keiretsu members and nonmembers. Consistent with lower funding costs associated with the implicit financial support of other group members, keiretsu affiliates hold less cash and are less sensitive to earnings risk. Pinkowitz and Williamson (2001) also show that keiretsu affiliates hold significantly less cash, but find cash flow volatility to be insignificant. We argue that their measure of cash flow volatility at the industry level, which follows Opler et al. (1999) , is inappropriate. Firms are more likely to focus on their own risk to determine their optimal cash balances. We next consider the role of financial constraints on cash holdings. Following Fazzari et al. (1988) , we use payout ratios to proxy financial constraints. The results confirm that constrained firms are less sensitive to earnings volatility, as maintaining excess cash balances happen to be too expensive. Only unconstrained firms appear to adjust their holdings in line with the probability of experiencing a cash shortfall.
We also show that bank-controlled firms hold significantly higher cash balances. According to Pinkowitz and Williamson (2001) , this situation is indicative of monopoly power, by which banks compel affiliated firms to hold excess cash in order to reduce their own risk exposure.
However, our results indicate that the sensitivity of cash holdings to earnings volatility is lower for bank-controlled firms, which does not support the view that banks steer borrowers towards lower risk-taking behavior. A partitioning of the sample period to isolate the impact of the banking crisis, which broke out towards the end of 1997, may be more instructive. Prior to the crisis, firms performed as if risk was irrelevant, suggesting that they were assured of receiving funds whenever required. However, as bad loans escalated in the banking system, bankcontrolled firms became more sensitive to the risk of running a deficit, as if they anticipated that financial institutions would no longer automatically bail them out. Highly leveraged firms also display a similar change in their sensitivity to earnings risk. Overall, our results emphasize the precautionary motive for holding cash and demonstrate the importance of risk mitigation, considering the negative impact of cash shortfalls detailed in Minton and Schrand (1999) .
The rest of the paper is organized as follows. Section 2 briefly reviews the literature. Section 3 presents the data and methodology. Section 4 analyzes the determinants of cash holdings.
Section 5 focuses on the sensitivity of cash holdings to earnings volatility. Section 5 concludes.
A brief review on cash holdings
Cash holdings can be motivated in reference to (1) the trade off model, (2) the pecking order model, and (3) the free cash flow model. We briefly present the theoretical arguments and review the empirical evidence.
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A. The tradeoff model
The tradeoff model, which is grounded on Keynes ' (1936) analysis of the demand for liquidity, underlines the costs and benefits of holding cash. The cost essentially derives from the lower return on liquid assets. Excess cash holdings can also exacerbate inefficiencies through the selection of unprofitable investments. On the other hand, firms hold liquid assets to reduce the costs of raising external resources when investment opportunities unexpectedly arise or when internal cash flows fall short of planned investment outlays. At the optimum, the marginal costs are exactly offset by the marginal benefits of holding cash. The trade off model predicts that cash holdings are positively related to investment opportunities and the variability of cash flows, which both increase the likelihood of future external funding. Cash holdings are also positively related to the magnitude of funding costs, which decrease with firm size given the fixed cost component of issuing securities.
Consistent with the tradeoff model, Opler et al. (1999) show that investment opportunities and cash flow variability are positively associated with cash holdings. Net current assets are negatively related to cash holdings, as their disposition can easily be transformed into cash. Kim et al. (1998) also show that cash holdings decrease with the opportunity cost of holding liquid assets. In both studies, firm size has a negative effect on cash holdings. Feirrera and Vilela (2004) provide similar results for European firms. However, their industry wide measure of cash flow volatility appears, contrary to Opler et al. (1999) , to have an insignificant influence on cash reserves. Ozkan and Ozkan (2004) document that the cash holdings of UK firms are reduced by the size of current assets, and increased by the amount of profitable investment opportunities.
Firm size and cash flow volatility are not found to have a significant influence. In the case of Japanese firms, firm size appears to play a significant role, together with investment opportunities and the amount of current assets. However, the results of Pinkowitz and Williamson (2001) suggest that cash flow volatility measured at the industry level is insignificant in the determination of cash reserves.
B. The pecking order model
The pecking order model emphasizes the existence of information asymmetry between managers and outside investors. The asymmetry increases the cost of external financing compared with internally generated cash flows. In the worst case, Myers and Majluf (1984) show that profitable projects might be passed up, as firms fail to convince investors about the true profitability of their investment projects. The model successfully explains why firms build financial slack. Almeida et al. (2004) show that the more difficult it is to raise external funds, the higher the propensity to retain internal cash flows. The pecking order predicts that cash holdings are positively related to internal cash flows and dividend payouts, and negatively related to debt ratios as firms attempt to build conservative balances sheets before returning cash to investors.
Firms also hold more cash if they have more intangible assets, which are more difficult to evaluate by outside investors.
In support of the pecking order model, Opler et al. (1999) show that the cash holdings of US firms increase with their cash flows and dividend payout ratios. Feirrera and Vilela (2004) report comparable results for European firms. Pinkowitz and Williamson (2001) show that the cash holdings of Japanese firms are related to the payment of dividends and the magnitude of the dividend payout. The proportion of intangible assets and the proportion of R&D expenses are also associated with higher cash balances.
C. The free cash flow model
The free cash flow model (Jensen, 1986) emphasizes the agency cost arising from the separation of ownership and control. The model stems from the recognition that managers may pursue objectives inconsistent with value maximization (Jensen and Meckling, 1976) . Agency costs are more prevalent when governance systems are weak and when monitoring is deficient. Excess cash holdings tend to reflect the existence of agency costs as they increase the stability of the firm's earnings at the expense perhaps of performance, which is supposed to be preferred by managers eager to protect their human capital invested in the firm. Cash holdings also increase managerial discretion over spending, which may increase inefficiencies. The free cash flow model predicts that cash holdings are positively related to shareholder dispersion and negatively related to managerial ownership. Leverage is considered to have a beneficial effect as it increases the incentives for debtholders to monitor the firm.
The empirical evidence on the effect of corporate governance on cash holdings appears mixed. Ozkan and Ozkan (2004) show that managerial ownership tends to reduce cash balances. On the other hand, board characteristics and the nature of controlling shareholders play an insignificant role. Dittmar et al. (2003) establish that in countries with high shareholder protection, firms hold less cash relative to firms in countries where shareholder protection is low. However, Opler et al. (1999) find no significant relationship between insider ownership and cash reserves among US firms. In addition, Mikkelson and Partch (2003) suggest that excess cash balances are not necessarily associated with firm underperformance.
Data and methodology
A. Sample
The sample consists initially of a panel of 1528 non-financial firms listed on the Tokyo Stock Exchange over the period 1992-2002. Financial institutions, i.e. banks, securities and insurance companies, are excluded due to their specific economic functions. Partly for this reason and because of Japan's economic structure, industrial and manufacturing firms tend to be overrepresented. Firms with negative equity are also excluded. Observations from 1992-1995 are withheld to compute earnings volatility for year 1996 onwards. Hence, the panel covers 7 years.
It can be noted that the sample does not suffer from survivorship bias, as all firms listed on the TSE over the sample period are included. After filtering, and due to entry and exit from the panel within the period, the sample eventually consists of 9168 firm-year observations.
B. Variables
Financial information is obtained from the NEEDS/corporate information database maintained by the Nikkei newsgroup. Roehl (1985) describes the database as the best source of information on Japanese firms. The dependent variable (CASH) is defined as the ratio of cash and equivalent. Opler et al. (1999) and Pinkowitz and Williamson (2001) use total asset minus cash and equivalents instead of total assets; which is necessary when other balance sheet items such as net current assets are included in the set of explanatory variables. As a result, their cash ratios are larger and positively skewed, which in turn requires the ratios to be logged.
The independent variables consist of the following: Return on assets (ROA) is measured by operating earnings (EBIT) scaled by total assets at year-end. The variable is included to identify the firm's ability to generate internal cash flows. Earnings risk is measured at both the firm and industry levels. STDEV is the standard deviation of operating earnings (EBIT) scaled by total assets. Consistent with Titman and Wessels (1988) SIZE is measured by the natural log of total sales (an alternative would have been to use total assets). The variable is not deflated as in Kim et al. (1998) or Ozkan and Ozkan (2004) which is not necessary given the insignificant inflation rate in Japan over the sample period. Investment opportunities (or growth options) are measured by the variable MBVA representing the market to book value of assets (i.e., market value of equity at year-end plus book value of liability, scaled by book value of assets). Alternatively, investment opportunities can be measured by the rate of increase in total sales (SGRTH) between year T and T-1 and measured by the log ratio of two consecutive sales figures. Financial leverage (LEVG) is measured by the ratio of long-term debt to total assets. EQTY, defined as the ratio of shareholders' equity to total asset is an alternative measure used in the univariate analysis, but not together with LEVG. Although the two variables are strongly correlated, there can be some discrepancy due to differences in current liabilities. DIVEQT is the ratio of dividend payments to shareholders' equity. As Pinkowitz and
Williamson (2001), we use a dummy (DDUMMY) to identify dividend-paying firms. Table 1 reports the summary statistics for the variables used in the analysis. The average cash ratio is 18.5% and the median 14.7%. Pinkowitz and Willianson (2001) and Dittmar et al. (2003) underline that cash holdings in Japan are much higher relative to the US with a median cash to net assets of 14.69% in Japan against 6.05% in the US. The mean (median) standard deviation of operating income is only 1.62% (1.24%) which is significantly lower than figures reported for US firms. For example, Opler et al. (1999) indicate a mean industry risk for US firms of 12.1%.
The large difference in income risk between the US and Japan, as well as Germany, is evidenced in Pinkowitz and Willianson (2001) with industry risk in the US around 12.26% while Japan's mean industry risk appears to be only 2.74%.
Sales growth is only 0.26% on average (0.09 in the median) which clearly reflects Japan's lackluster economic performance over the sample period. The low market to book value of assets of 1.2 suggests the existence of few profitable investment opportunities. As pointed out in Pinkowitz and Willianson (2001) , the leverage ratios of Japanese firms are not significantly higher than those of US firms. However, leverage is positively skewed as some firms appear to be saddled by high levels of debt. Finally, payout rates appear to be low, with an average dividend to equity ratio of about 1%. However, this rate should be contrasted with the low interest rates prevailing in Japan.
The determinants of cash holdings
A. Univariate analysis
We first categorize firms into quartiles according to their cash holdings. Table 2 reports the mean values of explanatory variables for each quartile. T-statistics for the mean difference between the upper and lower cash quartiles are reported in the last column. The difference in cash holdings across the 4 quartiles are seen to be relatively high, with firms in the lower quartile holding on average 4.5% of assets in cash and firms in the high quartile holding as much as 39%. In comparison, Opler et al. (1999) document that the cash to net assets ratio of US firms is less than 1.3% in the lower quartile and about 50% in the higher quartile.
Return on assets is significantly higher for firms in the upper cash quartile, which suggests that earnings capacity is a strong contributor to cash holdings. The range of earnings volatility across quartiles is relatively low. In the upper cash quartile, earnings volatility is 1.8% against 1.5% in the lower cash quartile. Nonetheless, the difference appears to be statistically significant. When earnings volatility is aggregated by industry sector, the difference between the upper and lower quartiles is seen to be insignificant.
Consistent with the tradeoff model, firms with better investment opportunities appear to cluster in the upper cash quartile. The average market to book value of assets (MBVA) is this group is 1.32 against about 1.16 in the other quartiles. Growth measured by changes in sales does not vary significantly across cash quartiles, suggesting that the firm's current business activity is not instrumental in determining its cash reserves. The leverage ratio is seen to decrease monotonically as cash holdings increase. Even more significant, the equity ratio increases from 36% in the lower cash quartile to 53.7% in the upper cash quartile. Size appears to provide economies of scale in cash management, as firms in the lower cash quartile are significantly larger compared to firms in the upper cash quartile. Finally, we note that there is little difference across cash quartiles in terms of dividend to equity ratios. However, firms in the upper cash quartile are more likely to pay dividends (90% against less than 80% for the lower quartile) although their payout rate is lower in proportion to net earnings. Fama and McBeth (1973) , which controls for serial correlation in the residuals. Method 2 is a cross sectional regression based on the means of each firm over the sample period. Consistent with Opler et al. (1999) , the sample is restricted to firms present in the panel over the whole period. Method 3 is a pooled regression including year dummies. Method 4 includes year and industry dummies, while the industry risk measure is dropped. Method 5 is a time series cross section (panel) regression using industry fixed effects.
B. Regression results
In all cases, cash balances increase with the firm's volatility of earnings (STDEV). An increase of 1% in earnings volatility is associated with an increase in cash holdings between 0.9% and 1.5%. The result is consistent with the difference in earnings volatility and cash holdings reported in Table 2 . On the other hand, industry-wide earnings risk (IND_SIGMA) appears to have a negative effect on cash holdings. Together with the positive effect of firm-level earnings volatility, this result suggests that firms determine their cash balances by considering their specific risk relative to industry peers. The importance attached to the firm's earnings volatility supports the precautionary motive as Japanese firms evaluate the likelihood of a cash shortfall to determine the appropriate amount of cash reserves to hold. In contrast to Kim et al. (1998) , the inclusion of industry dummies does not affect, and in particular does not eliminate, the significance of earnings volatility.
In their analysis of the cash holdings of Japanese firms, Pinkowitz and Williamson (2001) use cash flow volatility at the industry level (IND_SIGMA) to evaluate the risk of a cash shortfall.
As a result, the risk dimension mistakenly appears to play no significant role. Their study tends consequently to de-emphasize the precautionary motive in favor of agency considerations. In our approach, the focus on firm-level volatility reestablishes the precautionary role of cash holdings.
Our results support the tradeoff model of Kim et al. (1998) . The results are also consistent with the empirical findings of Opler et al. (1999) except that, in our case, (earnings) volatility is measured at the firm level. Moreover, the substitution of industry dummies to industry risk in regressions 4 and 5 appears to give leverage a significant role. In fact, separate results not presented here show that Japanese firms adjust their leverage ratio (LEVG) to the riskiness of their industry (IND_SIGMA). Hence, when both variables are included in the regressions, industry risk tends to pick the negative relationship between leverage and cash holdings, hence incorrectly suggesting that firms do not pay attention to their cash flows (or earnings) volatility.
Larger firms exhibit significantly lower cash holdings, which is consistent with the trade-off model. The negative relationship was already evident from the univariate analysis. However, considering that larger firms are significantly less risky, the lower cash holdings of large firms could have been exclusively motivated by lower risk. Since the regressions control for industrywide and firm level risk, it appears that size provide distinct benefits that allow larger firms to decrease their holding of cash. In addition to the economies of scale emphasized in Mulligan (1997), large firms have better access to external capital, particularly when they experience a cash shortage. Politicians are also keen to arrange rescue packages for large firms due to the significant consequences on local employment. Hence, large firms benefit from a number of advantages that allow them to hold lower precautionary cash balances. Pinkowitz and Williamson (2001) report a similar result for Japanese firms. Dittmar et al. (2003) demonstrate that the relationship is valid irrespective of governance systems. Firms with better growth prospects, measured by market to book value of assets (MBVA), also hold more cash, consistent with the higher likelihood of having profitable investment projects and the higher cost of passing up these projects due to insufficient (cash) resources.
There are, however, indications that Japanese firms do not fully optimize their cash balances. For instance, cash holdings are positively related to profitability (ROA). Firms appear to rely on past profits to build up their cash balances, instead of targeting an optimal cash level that would be independent of internally generated cash flows. According to the trade-off model, the more incentives to hold cash should be higher. In opposition to this argument, the results suggest that firms tend to use internal cash flows to pay off debt, resulting in a negative cash-leverage relationship. Similarly, firms appear to retain excess cash, even after they have exhausted this use of internal cash flows. In particular, the higher cash balances of firms with negative sales growth (SGRTH) show that declining firms hold on to the cash resulting from lower investment expenditures rather than return the cash to investors.
Sensitivity of cash holdings to earnings risk
A. Keiretsu affiliation and cash holdings
Keiretsu affiliation represents an exceptional opportunity, specific to the Japanese context, to examine the significance of the precautionary motive for holding cash. Nakatani (1984) and Aoki (1990) describe Japan's keiretsu system as an organizational structure primarily designed for mitigating financial distress. Dewenter (2003) provide evidence consistent with the risk-sharing motive. Following the onset of financial distress, weaker firms increased their dependence on other keiretsu firms for equity and debt financing, whereas stronger firms decreased their dependence on the keiretsu network. Hoshi et al. (1990) describe how Keiretsu reallocate group resources from stronger firms to weaker firms by way of bank loans and trade credits, while Hoshi et al. (1991) prove that large Japanese firms that are keiretsu members are less liquidityconstrained concerning their investment expenditure. Kang and Shivdasani (1997) find evidence of increased monitoring among keiretsu members prior to the onset of financial distress.
Given the implicit support from the keiretsu and its commitment to risk sharing, it is likely that keiretsu affiliation involves significant differences in terms of cash holdings. More precisely, we expect affiliated companies to be hold less cash and to be less sensitive to earnings volatility relative to unaffiliated companies. The motivation is that affiliated firms can rely on keiretsu financial institutions for cash financing and other member firms for additional trade credit and tangible resources, as in the case of internal capital markets. Because of risk sharing, there is considerably less need for firms to self-insure against adverse outcomes by holding precautionary cash reserves. Mulligan (1997) extends the classic model of Miller and Orr (1966) to provide a foundation for cash holdings based on economies of scale. There are also economies of scope involved in the keiretsu organization. Hoshi et al. (1990) show that resources are reallocated within members firms, ensuring a quicker recovery following industry shocks. By operating like a large diversified conglomerate, the keiretsu system reduces aggregate risk and hence requires lower liquidity in percentage of total assets. The sensitivity to earnings risk should also be lower for keiretsu members. As increasing risk can be more easily absorbed at the group's level, member firms do not need to be particularly concerned about their specific risk.
On the other hand, it may be interesting to investigate whether increased risk at the aggregate level induces higher average cash holdings among member firms.
Pinkowitz and Williamson (2001) document that keiretsu affiliated firms hold much less cash compared with unaffiliated firms. However, they do not examine whether keiretsu affiliates are less sensitive to earnings risk relative to unaffiliated firms. Regardless of keiretsu affiliation, firms in their sample are shown to be insensitive to industry-wide risk. Considering the importance of risk sharing, at least among keiretsu affiliates, which represent a substantial proportion of Japanese firms and about half of their sample, it is surprising that their regressions do not detect any significant association between earnings, or cash flow volatility, and cash holdings. The explanation suggested in the previous section is that industry-wide measures are inappropriate for analyzing cash holdings given that Japanese firms adjust their cash holdings to firm-level risk and determine their debt ratios relative to industry-wide risk.
To identify keiretsu affiliates, we use Industry Groupings in Japan (1999), which lists the members of the major horizontal and vertical Keiretsu. Following Nakatani (1984) and others, we identify as keiretsu affiliates, firms that are members of the so-called "Big 6" horizontal business groups: Mitsubishi, Mitsui, Sumitomo, Fuyo, DKB and Sanwa. Unaffiliated firms are considered independent. Table 4 compares the financial ratios of affiliated and unaffiliated firms. The difference in cash holdings (more than 5% of total assets) is highly significant both statistically and economically.
Earnings volatility is significantly lower for keiretsu members with a standard deviation of 1.44% against 1.7% for independent firms. Keiretsu members also appear to operate in industries characterized by lower earnings risk. Operating return on assets is significantly lower for keiretsu members (2.75% against 3.5%), consistent with results reported in Weinstein and Yafeh (1998) and Kang and Shivdasani (1999) . The higher debt ratios (and lower equity ratios) of keiretsu affiliates are consistent with their lower risk taking behavior as well as the implicit support from other keiretsu affiliates. The significantly lower growth rate (-0.5% for affiliated firms against +0.6% for unaffiliated firms) may be explained by a combination of factors ranging from lower return on assets and larger firm size to higher risk-aversion (lower risk-taking). On the other hand, dividend payout shows little difference across keiretsu affiliation.
Since the difference in cash holding between affiliated and unaffiliated firms can arise from differences in profitability and risk taking, we control for those factors by running the following regression:
By focusing on unaffiliated firms (INDEPT), the purpose is to investigate whether the absence of implicit support from a keiretsu is mitigated by higher cash reserves (through a significant positive 1 α ) and a higher sensitivity to earnings volatility (through a significant positive 1 β ).
The usual control variables are included in the regressions. Table 5 presents the results associated with the various statistical methods described previously.
In all regressions, except the cross sectional, unaffiliated firms hold significantly more cash. For instance, the Fama MacBeth regression indicates that cash holdings for unaffiliated firms are about 2.1% higher. The difference is lower than the difference of more than 5.2% implied from Table 4 . The lower profitability of Keiretsu affiliates, their lower earnings volatility, larger size, and poorer investment opportunities are some of the factors contributing to the smaller difference. Although the coefficients on STDEV appear to be positive, the lack of statistical significance suggests that keiretsu affiliates are not particularly sensitive to earnings volatility. In contrast, independent firms exhibit a higher sensitivity to earnings volatility as indicated by the significant coefficient on INDEPT × STDEV. A 1% increase in earnings volatility is seen to be associated with an increase of about 1.1% in cash holdings in four out of five cases. The coefficient on leverage is insignificant when industry sigma is included in the regression.
However, the coefficient regains significance when industry effects are included, consistent with the fact that firms mitigate industry risk by decreasing their debt ratios.
The results indicate that earnings volatility is an important determinant of cash holdings, not when risk is high, but when it really matters. Firms that are insured against the costs of financial distress or that can spread the cost to fellow affiliates appear to have no incentives to self-insure by holding large cash reserves and adjusting their cash reserves in line with the riskiness of their operations. In contrast, independent firms that cannot rely on external financial support and are likely to assume the full cost of a cash shortfall, such as raising funds under financial duress, respond strongly to the riskiness of their operating environment by holding more cash and adjusting cash holdings in relation to earnings risk.
B. The effects of financial constraints
Financial constraints have critical implications in relation to firm strategy and performance. Fazzari et al. (1988) show that capital investment is restricted by the availability of internally generated funds rather than the availability of positive net present value projects when firms are financially constrained. Goyal and Yamada (2004) provide evidence that the evolution of financial constraints through monetary policy or asset price inflation have seriously affected the investments of Japanese firms. Kaplan and Zingales (1997) suggest that financial constraints can be measured by a combination of the firm's profitability and payout ratios. In contrast, Almeida et al. (2004) argue that financial constraints are best measured by the propensity of firms to save internal cash flows through the buildup of cash reserves. In addition, they show that the cash flow sensitivity of cash increases in periods of economic recession. Lamont et al (2001) investigate the impact of financial constraints on stock returns. Although a strong co-movement appears to exist among financially constrained firms, the authors find no evidence that risk is rewarded by higher returns.
In this section, our purpose is to investigate how financial constraints affect cash holdings and their sensitivity to earnings volatility. Firms are expected to maintain similar cash balances regardless of financial constraints. On the other hand, we expect financially constrained firms to be less sensitive to earnings risk and unconstrained firms to exhibit a higher sensitivity to earnings volatility. The rationale for the first conjecture is that, when a firm is financially constrained, the cost of liquidity is high, which implies lower cash holdings. On the other hand, consistent with Almeida et al. (2004) , constrained firms have a higher propensity to retain internally generated cash flows in an attempt to alleviate financial constraints, which may result in higher cash balances. As a result, it is difficult to justify any difference in cash levels between constrained and unconstrained firms. The rationale for a lower sensitivity to earnings volatility among constrained firms also stems from a higher cost of liquidity. Although earnings shortfalls can be associated with expensive funding, the high cost of insuring against adverse outcomes may prevent constrained firms from self-insuring against the risk.
Following Fazzari et al. (1988) , we use dividend payments to recognize financial constraints. For each firm, the dividend payout to net earnings is averaged over 3 years to smooth out earnings fluctuations. To check the robustness of our results, we also use the dividend yield, measured by dividend to book value of equity, although the results are not reported in the paper. Firms with a low dividend payout (or yield) may experience financial constraints, as they appear reluctant to return cash to investors. Almeida et al. (2004) show that payout ratios are strongly correlated with corporate bond and commercial paper ratings as well as firm size; and provide similar results in terms of a firm's propensity to retain cash out of internally generated cash flows.
To analyze the effects of financial constraints, we focus on unconstrained firms and to ensure that this is effectively the case, we identify as financially unconstrained, firms whose dividend payout rate is in the top 33% of the sample. The regressions of cash holdings on firms' characteristics thus include two additional variables: POUT is a dummy equal to one if the firm appears not to be financially constrained. The dummy tests whether unconstrained firms hold more cash relative to constrained firms. The product HPOUT x STDEV examines whether unconstrained firms are more sensitive to earnings volatility. The dividend dummy is dropped to avoid colinearity problems. Table 6 presents the regression results. HPOUT coefficients are seen to be significantly negative.
On average, unconstrained firms hold 3% to 4% less cash in proportion of total assets. The result is consistent with the view of Almeida et al. (2004) that constrained firms have a higher propensity to retain internal cash flows, which should result in higher cash balances. In contrast, unconstrained firms appear to signal, by holding less cash, that they are not too concerned about having difficulty to raise financial resources if needed. The coefficients on HPOUT × STDEV
show that the sensitivity of cash holdings to earnings volatility is significantly higher when firms are not financially constrained. However, other, potentially constrained, firms also appear to be sensitive to earnings risk with a significant coefficient on STDEV typically between 0.6 and 0.7.
Fama-MacBeth and pooled regressions indicate that unconstrained firms increase cash holdings
by about 2% for each percentage point of increase in earnings volatility. The cross sectional regression suggests an even greater sensitivity of about 2.5. However, the standard errors are much larger. The results extend those of Almeida et al. (2004) by establishing that financial constraints affect firms' perception of risk as well as their risk mitigation strategies, in addition to increasing their propensity to retain cash.
C. Bank ownership and Japan's banking crisis
The development of Japan's banking crisis offers another unusual testing ground to evaluate the way bank-controlled firms have internalized the reduced likelihood that their principal shareholder would provide financial support should they experience a cash shortfall. Assuming that the banking crisis reduced the ability or willingness of banks to provide financial assistance to distressed affiliated firms, we expect that bank-controlled firms have become more sensitive to earnings risk as the condition of Japanese banks deteriorated. In contrast, firms less dependent on banks for their financing should have been less affected; and hence should have displayed a stable sensitivity to earnings volatility and higher cash balances throughout the period.
To evaluate the influence of the banking crisis, we split our sample period in two: The fist period runs until fiscal year 1998; the second begins from fiscal year 1999. The cutoff date of 1998 is chosen to coincide with the full development of the banking crisis. Although the banking sector displayed signs of under performance relative to other Japanese economic sectors from 1995 onwards, the major outbreak came in November 1997. Hokkaido Takushoku, a major city bank, is the first to collapse, followed a week later by Yamaichi, one of Japan's leading securities firms.
In 1998, two highly prominent long-term credit banks, LTCB and NCB, are nationalized by the Japanese government after reporting huge losses and crumbling capital reserves. A further sign of market defiance against banking sector, the so-called Japan premium, which measures the additional spread that Japanese banks have to pay over their US rivals to borrow at LIBOR increases to as much as one percent by the end of 1997. The premium is later reduced following the injection of public funds into troubled institutions. Peek and Rosengren (2001) provide a detail account of the events. Hanazaki and Horiuchi (2003) report that government support to financial institutions jumped from 395 billion yen in 1997 to 5366 billion yen in 1998. In addition, they indicate that the number of bankrupted credit institutions more than tripled from 1997 to 1998.
We assess the change in the sensitivity to earnings volatility by running various regressions in which P98 is a dummy variable equal to one if the observation is posterior to 1998. FINS indicates that the firm's major shareholder is a financial institution, typically a commercial bank, based on Industrial Groupings in Japan (1999). Table 7 reports the results of pooled regressions including industry dummies. Model 1 shows that bank-controlled firms have higher cash reserves. The result indicates that having a financial backer makes financing a lot easier. The coefficient on FINS × STDEV appears to suggest that bank-controlled firms are not different from other firms as far as their sensitivity to earnings risk is concerned. However, the breakdown of the sample period shows that this has not always been the case. Model 2 shows that bank-controlled firms were somehow less sensitive to earnings risk prior to the banking crisis. After banks began to experience huge losses, bank-controlled firms became significantly more sensitive to earnings risk compared with the previous period where they did not have to worry about funding. In addition, the results suggest that funding became tighter after the crisis. Again, it is critical to contrast bank-controlled firms with other firms over the period of study. Model 3 examines the sensitivity to earning risk for all firms before and after 1998. The regression results suggest that the development of the banking crisis did not affect cash holdings. However, it appears to have significantly affected the sensitivity of all firms to the risk of experiencing a cash shortfall. Model 4 compares bank-controlled firms to other firms after the banking crisis. The coefficient on P98 × STDEV is the only one to remain significant. This suggests that after the crisis, bank-controlled firms started to behave much like other firms. Their affiliation to a financial institution did not provide them the benefit of easier financing nor the assurance that they would be supported in the event of a cash shortfall.
D. Highly-leveraged firms and Japan's banking crisis
As a matter of robustness check, we also analyze how the risk sensitivity of highly leveraged firms evolved over the development of the banking crisis. The argument is that highly leveraged firms should have been particularly exposed to tougher credit conditions as the situation of the banking sector deteriorated. Hence, they must have attempted to mitigate the higher expected cost of external funding by increasing their cash reserves just as Almeida et al. (1999) argue about financially constrained firms. As in the case of bank control, we also anticipate that highly leveraged firms have increased their sensitivity to earnings risk following the banking crisis.
Leverage is measured either by the ratio of long term debt to total assets or the equity (to total assets) ratio. HLEVG is a dummy variable that is equal to one if the firm's debt level (equity ratio) is in the top 33% (bottom 33%) of the sample. The choice of a higher cutoff point is intended to identify firms with potentially severe funding problems. We run regressions similar to Model 2 and Model 4 in the previous section, after substituting HLEVG for FINS. Table 8 indicates that leveraged firms were holding significantly less cash relative to other firms prior to the banking crisis. The difference is about 4.5% using the debt ratio and 6.4% using the equity ratio. Following the crisis, it appears that leveraged firms have not significantly adjusted their cash holdings although the first regression suggests a slight increase of 1.36%. On the other hand, their sensitivity to earnings volatility is seen to have increased between 0.55 and 0.76 subsequent to the banking crisis. The second coefficient using equity ratio is also significant at the 5% level. Is this sensitivity different from other firms given that, according to the results in Table 7 , all firms have increased their sensitivity to earnings risk? Using both measures of leverage, we find that the risk sensitivity of other firms has barely changed over the period (at most 0.21 using the debt ratio). The increased sensitivity to earnings risk appears to be specific to highly leveraged firms. In addition, other firms are seen to have increased their cash holdings by up to 2%, which is not the case of leveraged firms.
Unlike bank-controlled firms, leveraged firms were already displaying a significant sensitivity to earnings risk before the banking crisis. There are also indications that their sensitivity was slightly higher compared to other firms. Following the crisis, leveraged firms slightly increased their sensitivity to earnings risk, whereas other firms appear to have maintained their sensitivity approximately unchanged. As a result, the difference between leveraged and other firms became significant after the crisis, while bank-controlled firms only increased their risk sensitivity to bring it in line with other firms.
Conclusion
This paper examines the determinants of cash holdings with a particular emphasis on earnings volatility. The focus on Japan allows a detailed investigation of the motives for holding cash given the specific governance and ownership structure of Japanese firms. Furthermore, the crisis that rocked the banking sector towards the end of the 1990s creates the condition for analyzing how the sensitivity of cash to earnings volatility evolved as banks' balance sheets deteriorated.
The results are broadly consistent with the tradeoff model: Cash holdings are positively associated with investment opportunities and earnings volatility, which both increase the probability that the firm may require external funding. Cash holdings are negatively related to firm size, which decreases the cost of raising funds. There is also evidence in line with the pecking order model. In particular, we find a positive association between cash holdings, and operating cash flows and dividend payout ratios.
Due to its ( Financial constraints appear to have a complex effect on cash holdings. Financially constrained firms maintain higher cash balances, suggesting a higher propensity to retain cash out of internally generated cash flows, as hypothesized by Almeida et al. (2005) . However, far from inducing firms to mitigate their risk exposure through increased cash reserves, financial constraints appear to reduce the ability of firms to set cash reserves in relation to risk. Only unconstrained firms appear to react to higher earnings volatility by increasing their cash reserves.
We also find that bank-controlled firms held less cash and displayed a low sensitivity to earnings risk prior to the banking crisis. This suggests that when cash shortfalls are inconsequential, firms are not overly concerned about negative earnings realizations. However, once bad loans began to blow out of control, thus reducing the implicit commitment of banks towards their affiliates, firms significantly increased cash reserves to align them with earnings risk.
Overall, the results emphasize the precautionary motive for holding cash. Firms increase their cash reserves, not just when the risk of running short of funds is high, but when the difficulty and cost of external funding in this eventuality are high. When they can rely on their shareholders and other group affiliates to provide the necessary financing, firms typically hold less cash and exhibit a low sensitivity to the risk of running short of funds. Likewise, financially constrained firms seem to prefer not to insure against potential cash shortages given the prohibitive cost from their point of view to maintain excess cash. CASH is the ratio of cash to total assets. ROA is the ratio of operating profits to total assets. STDEV is the 5-year standard deviation of ROA. IND_SIGMA is the average STDEV within the firm's industry sector. LEVG is the ratio of long-term debt to total assets. EQTY is book value of equity to total assets. SIZE is measured by the log of sales. MBVA is the market to book value of assets. SGRTH is the growth rate in sales from the previous year. DIVEQT is the ratio of dividends to book value of equity. PAYOUT is the ratio of dividends to net earnings. DDUMMY indicates that the firm is paying dividends. Cash quartiles are defined over the whole sample period. T-statistics apply to the difference between the upper and lower quartiles. CASH is the ratio of cash to total assets. ROA is the ratio of operating profits to total assets. STDEV is the 5-year standard deviation of ROA. IND_SIGMA is the average STDEV within the firm's industry sector. LEVG is the ratio of long-term debt to total assets. EQTY is book value of equity to total assets. SIZE is measured by the log of sales. MBVA is the market to book value of assets. SGRTH is the growth rate in sales from the previous year. DIVEQT is the ratio of dividends to book value of equity. PAYOUT is the ratio of dividends to net earnings. DDUMMY indicates that the firm is paying dividends. ROA is the ratio of operating profits to total assets. STDEV is the 5-year standard deviation of ROA. IND_SIGMA is the average STDEV within the firm's industry sector. LEVG is the ratio of long-term debt to total assets. SIZE is measured by the log of sales. MBVA is the market to book value of assets. SGRTH is the growth rate in sales from the previous year. DDUMMY indicates that the firm is paying dividends. The Fama MacBeth model gives the average of the time series coefficients from annual cross-sectional regressions. The cross sectional regression is based on the means of variables for each firm. Only firms for which a full set of data is available are used in the cross sectional specification. All T-statistics in parenthesis are corrected for heteroscedasticity. The R2 in the fixed effects model is computed without the industry fixed effects. Keiretsu affiliation is with respect to one of the Big 6 Keiretsu. T-statistics apply to the difference between affiliated and independent firms. CASH is the ratio of cash to total assets. ROA is the ratio of operating profits to total assets. STDEV is the 5-year standard deviation of ROA. IND_SIGMA is the average STDEV within the firm's industry sector. LEVG is the ratio of long-term debt to total assets. EQTY is book value of equity to total assets. SIZE is measured by the log of sales. MBVA is the market to book value of assets. SGRTH is the growth rate in sales from the previous year. DIVEQT is the ratio of dividends to book value of equity. PAYOUT is the ratio of dividends to net earnings. DDUMMY indicates that the firm is paying dividends. The proportion of affiliated firms is calculated on the number of firm-year observations. ROA is the ratio of operating profits to total assets. STDEV is the 5-year standard deviation of ROA. IND_SIGMA is the average STDEV within the firm's industry sector. LEVG is the ratio of long-term debt to total assets. SIZE is measured by the log of sales. MBVA is the market to book value of assets. SGRTH is the growth rate in sales from the previous year. DDUMMY indicates that the firm is paying dividends. INDEPT is a dummy variable equal to 1 if the firm is unaffiliated with one a the big 6 keiretsu. The Fama MacBeth model gives the average of the time series coefficients from annual cross-sectional regressions. The cross sectional regression is based on the means of variables for each firm. Only firms for which a full set of data is available are used in the cross sectional specification. All T-statistics in parenthesis are corrected for heteroscedasticity. The R2 in the fixed effects model is computed without the industry fixed effects. ROA is the ratio of operating profits to total assets. STDEV is the 5-year standard deviation of ROA. IND_SIGMA is the average STDEV within the firm's industry sector. LEVG is the ratio of long-term debt to total assets. SIZE is measured by the log of sales. MBVA is the market to book value of assets. SGRTH is the growth rate in sales from the previous year. DDUMMY indicates that the firm is paying dividends. FINS is a dummy variable equal to 1 if the firm's major shareholder is a financial institution. P98 is a dummy variable equal to 1 if the observation is posterior to 1998. All models include industry dummies T-statistics in parenthesis are corrected for heteroscedasticity. ROA is the ratio of operating profits to total assets. STDEV is the 5-year standard deviation of ROA. SIZE is measured by the log of sales. MBVA is the market to book value of assets. SGRTH is the growth rate in sales from the previous year. DDUMMY indicates that the firm is paying dividends. HLEVG indicates that the firm's debt to total assets (equity ratio) is in the sample's upper 33% (lower 33%). P98 is a dummy variable equal to 1 if the observation is posterior to 1998. All models include industry dummies T-statistics in parenthesis are corrected for heteroscedasticity.
